Abstract. MicroRNAs (miRNAs or miRs) are small, non-coding, single-stranded RNA molecules that regulate gene expression at the post-transcriptional level to repress protein expression of target genes. Among these, miR-181b has been found to be a critical regulatory miRNA linking inflammation and cancer. The functional significance of miR-181b in various tumors and translational research suggests that it exhibits great potential as a predictive and prognostic biomarker. Extensive efforts are underway to identify mRNA targets and the affected regulatory networks, which may be the key to providing a better understanding of miR-181b-mediated signaling pathways.
Introduction
MicroRNAs (miRNAs or miRs) have been identified as an important class of endogenously expressed small RNAs with critical regulatory functions that modulate protein synthesis rate (1) (2) (3) . The functional miRNA that targets mature mRNA is single-stranded and typically 19-22-nt long after being processed from double-stranded RNA. miRNA molecules regulate gene expression mainly by binding to complementary sequences in the 3'-untranslated region of target mRNAs and the formation of RNA-induced silencing complexes, suppressing mRNA translation or degrading the miRNA-bound mRNA transcripts (4) . The functional significance of miRNAs was initially demonstrated in the developmental process of Caenorhabditis elegans (5, 6) . Additional studies confirmed a strong association between miRNA and cancer (7) (8) (9) (10) (11) . Cancer is characterized by uncontrolled cell growth, high proliferation, anti-apoptosis, acquisition of invasive properties to adjacent tissues and organs and inappropriate cell survival (12) (13) (14) . Epigenetic change is crucial in tumorigenesis and miRNAs are key components of epigenetic alterations (15) . With the expansion of miRNA expression profiling efforts, miRNA expression patterns have been identified as unique signatures associated with diagnosis, staging, progression, prognosis and response to treatment. In addition, miRNAs are directly involved in cancer development by activating oncogenic pathways or suppressing tumor suppressor gene pathways or protein expression (16) (17) (18) (19) . Among these, miR-181b was identified as one of the most important miRNAs contributing to tumor initiation and progression.
miR-181b provides a critical link between inflammation and cancer
miR-181 family members contain four highly conserved mature miRNAs: miR-181a, -181b, -181c and -181d (20) . These are independently derived from six precursors located on three different chromosomes: miR-181a-1 and -181b-1 are located on chromosome 1; miR-181a-2 and -181b-2 are located on chromosome 9; miR-181c and -181d are located on chromosome 19; miR-181b-1 and -181b-2 are identical in their mature sequences, but located on different chromosomes (21) . Evidence indicates that miR-181s are aberrantly expressed in tumor tissues, suggesting a potentially important role in tumor development and/or progression (22, 23) .
miR-181b was previously shown to be highly expressed in pancreatic (22, 24) , head and neck (25) and bladder cancer (26) . By contrast, it was found to be downregulated in gastric (27) and prostate cancer (28) . Those results suggested that the function of miR-181b may be unique, depending on the type of tumor and cellular context (29) (30) (31) . It was previously demonstrated that miR-181b is a critical link between inflammation miR-181b as a key regulator of the oncogenic process and its clinical implications in cancer (Review) and malignant transformation (32) . STAT3, a transcription factor activated by IL-6 (33-35), directly activates miR-21 and -181b-1 (36) . Of note, transient expression of miR-181b induces the epigenetic switch and inhibits cylindromatosis (CYLD) tumor suppressor, a target of miR-181b, from negatively modulating NF-κB activity. Therefore, miR-181b and CYLD are part of the positive feedback loop that underlies the epigenetic switch between inflammation and cancer (36, 37) . The expression status of miR-181b in different types of cancer and underlying mechanisms are listed in Table I . Our current understanding of the role of miR-181b in tumorigenesis is illustrated in Fig. 1 .
Functional significance and clinical relevance of miR-181b in cancer
miR-181b in colorectal cancer. One of the first clinical translational studies of miR-181b was on colorectal cancer. Compared to normal colon tissue, four highly expressed miRNAs, including miR-181b, were identified in colon cancer specimens (38) . The expression level of miR-181b was significantly correlated with chemoresponse to S-1 in colorectal cancer (39) . S-1 is an oral fluorouracil derivative, which comprises ftorafur, gimeracil and potassium oxonate in a molar ratio of 1:0.4:1. A number of studies reported that it is safe and effective to use S-1 in the treatment of advanced colorectal cancer and late-stage gastric cancer patients (40, 41) . It was predicted that miR-181b is able to modulate the expression of a number of genes at the translational level, such as cytochrome c, ECIP-1, MAPPKKK1, TEM6, E2F5, GATA6, PP2B and eIF5A. These genes may be active in cell signaling, cell cycle control and chemosensitivity in the majority of cells harbouring p53 mutations or deletions (38) . In a recent study, miR-181b was shown to be inversely correlated with colon cancer patient survival (16) .
miR-181b in gastric and lung cancer. The clinical significance of miR-181b was also investigated in gastric cancer patients undergoing S-1 treatment. Our recent studies demonstrated that miR-181b is overexpressed in gastric cancer compared to normal tissues (42) . The efficacy of S-1 in the treatment of patients with advanced gastric cancer and patient survival were inversely correlated with the expression of miR-181b (42) . Thus, miR-181b exhibits great potential as a prognostic biomarker in late-stage gastric cancer.
Another study demonstrated that miR-181b was downregulated in the multidrug-resistant (MDR) SGC7901/vincristine human gastric cancer and A549/cisplatin lung cancer cell lines and the downregulation of miR-181b was concurrent with the elevated level of BCL2 protein in these two cell lines. Those findings indicated that miR-181b may play a role in the development of MDR through targeting BCL2 in gastric and lung cancer cell lines (43) .
miR-181b in hepatocellular carcinoma (HCC)
. miR-181b is transcriptionally activated by the Wnt/β-catenin signaling pathway in HCC and the β-catenin binding site is in the promoter region of the miR-181a-2 and -181b-2 transcripts. Thus, miR-181b is highly expressed as a result of the activation of Wnt/β-catenin signaling (21) . Another study reported that miRNAs were deregulated during the early stages of hepatocarcinogenesis induced by a choline-and amino acid-defined diet in C57BL̸6 mice. miR-181b was significantly upregulated in the livers of mice that persisted at preneoplastic stage. TIMP3, a tumor suppressor and a target of miR-181b, was significantly suppressed in the liver. By contrast, miR-181b enhanced the activity of MMP2 and 9 and promoted growth, clonogenic survival, migration and invasion of HCC cells. It was also demonstrated that miR-181b was involved in the TGFβ signaling pathway (43) . The overexpression of miR-181b enhanced the resistance of HCC cells to doxorubicin. Increased expression of miR-181b was detecetd in patients with non-alcoholic steatohepatitis and HCC (43) . It was also recently demonstrated that miR-181b is overexpressed in the serum of patients with liver cirrhosis, targeting p27-regulated cell cycle (45) . Those results suggested that miR-181b may play an important role in hepatocarcinogenesis.
miR-181b in breast cancer. The efforts to elucidate the role of miRNAs in breast cancer were initiated with expression profiling. In order to investigate the association between clinicopathological characteristics or patient survival and the expression profile of miRNAs in primary breast cancer, the global expression profiling of miRNAs in breast cancer was investigated by a microarray expression profiling approach. The results revealed that nine miRNAs were upregulated >2-fold in breast cancer compared to normal adjacent tumor tissues, including miR-181b (46) .
High-mobility group AT-hook 1 (HMGA1) modulates miR-181b expression by direct transcriptional activation. HMGA1 is frequently activated in several malignant tumors, including breast carcinomas (29) . miR-181b is downregulated during cancer progression and targeted chromobox homolog (CBX7) negatively regulates the cell cycle at the G1 phase. In addition, HMGA1 negatively regulates CBX7 gene expression. Those results suggested that there is a novel breast cancer progression pathway, involving HMGA1, CBX7 and miR-181b (47) .
miR-181b in papillary thyroid carcinoma (PTC).
Expression analysis identified a subset of miRNAs that is overexpressed in Figure 1 . Schematic illustration of miR-181b-mediated targets and pathways. The expression of miR-181b is regulated by STAT3 and HMGA1. miR-181b is a critical component of inflammation and tumorigenesis by suppressing cylindromatosis (CYLD) expression. miR-181b exerts its effect on cell cycle control by suppressing chromobox homolog 7 (CBX7) and p27. miR-181b also affects cell proliferation, cell adhesion, chemosensitivity and apoptosis by regulating BCL2, TIMP3, p53 and other important targets and pathways. HMGA1, high-mobility group AT-hook 1; BCL2, B-cell lymphoma 2; TIMP, tissue inhibitor of metalloproteinases.
human PTC. miR-181b, -221 and -222 in particular, were found to be highly expressed in the majority of patients with PTC, suggesting that the increasing level of miR-181b may represent a unique signature of human PTC, which may promote cell proliferation. c-Kit, which is one of the critical targets of miR-181b, may also be involved in this process (17) .
miR-181b in oral carcinoma, osteosarcoma and retinoblastoma. In oral carcinoma, miR-181b, -21 and -345 were found to be consistently upregulated and were associated with the increase in lesion severity during progression. Therefore, these miRNAs may be valuable biomarkers for evaluating the risk of malignant transformation (32) . miR-181b was found to be overexpressed in osteosarcoma and may exhibit potential as a critical pre-treatment biomarker of metastasis (48) . Hypoxia is the basic characteristic of retinoblastoma and facilitates poor prognosis and resistance to traditional therapy. miR-181b was among the highly expressed miRNAs under hypoxic conditions and inhibition of miR-181b may suppress proliferation of retinoblastoma cells (49) . Thus, miR-181b may represent a novel target for the future clinical treatment of retinoblastoma.
miR-181b in glioma. Several miRNAs are involved in the modulation of glioma development (50) . miR-181b was found to be downregulated in glioma tissue (50) (51) (52) . miR-181b acts as a tumor suppressor that causes growth inhibition, apoptosis and invasion inhibition in glioma cells (52) . Those findings suggested that aberrantly downregulated miR-181b may be a critical factor for the appearance in human malignant glioma.
Moreover, Kaplan-Meier survival analysis demonstrated that low expression of miR-181b and -106a or overexpression of miR-21 was significantly associated with poor patient survival and Cox proportional hazard regression analysis suggested that its prognostic impact is independent of other clinicopathological factors (53) . A recent study demonstrated that the most significant change was the downregulation of miR-181b in patients in response to concomitant chemoradiotherapy with temozolomide (TMZ) (54) . Olea europaea leaf extract (OLE) was shown to exert an anti-proliferative effect on the T98G cell line. miRNA target genes are involved in cell cycle and apoptotic pathways. miR-181b, in particular, was markedly overexpressed following treatment with TMZ and OLE (55) . Thus, miR-181b may be a potential biomarker for glioma and chemotherapy treatment outcome.
miR-181b in acute myeloid leukemia (AML) and chronic lymphocytic leukemia (CLL)
. miRNAs have been shown to modulate disease progression in leukemia (56) . miR-181b was found to be highly expressed in AML and, by targeting the mixed lineage kinase 2 (MLK2), caused cell proliferation, which is crucial in the progression of AML and provides a useful treatment biomarker (57) . However, miR-181b was downregulated in CLL, which exhibits potential as a biomarker of CLL and is positively correlated with patient survival. miR-181b was also shown to inhibit BCL2 and MCL1. In cells containing wild-type p53, increasing the expression level of miR-181b markedly accelerated apoptosis (8, 58, 59) . miRNAs upregulate TCL1 associated with bone marrow stromal cells (BMSC), protecting CLL cells from apoptosis (60) . Therefore, miR-181b may provide a novel target in the treatment of CLL.
Conclusion
miRNAs have a broad range of regulatory functions in the modulation of protein synthesis. Abnormal expression of miRNAs has been shown to contribute to cancer development and/or progression. Growing evidence suggests that miR-181b is one of the main factors involved in tumorigenesis, affecting several tumor types. As a result, it is crucial to further investigate the functions and underlying molecular mechanisms of miR-181b in malignant tumor transformation. By fully understanding the target genes and regulatory networks of miR-181b using the systems biology approach, we may be able to determine the potential of miR-181b as biomarker and novel therapeutic target.
